Gut microbiota plays a major role in regulating the host metabolism and immune system. However, the structure of microbiome population is altered constantly by diverse factors including diet and environment. In particular, the gut microbiome dynamics is influenced by diet composition and their associated metabolites. Many studies in the recent past reported on diet induced dysbiosis in the gut microbiome, the modulating ratio between Firmicutes and Bacteroidetes plays a central role in maintaining the microbiome diversity in the gut and their abundance regulates obese conditions. Although there are several reports on gut microbial dysbiosis (Firmicutes/Bacteroidetes) at phylum level but only few of them highlight at the genera level. In the present study, we focused more on the impact of cafeteria diet (CAF) with respect to the gut microbiome richness at the genera level in SD rats. Three weeks old Sprague Dawley (SD) rats were fed with normal chow diet and cafeteria diet (CAF). After 10 weeks, serum, tissue samples (small intestine and cecum), cecum fecal and fecal pellet were collected. Biochemical analysis from serum, Gene expression analysis of pro-inflammatory markers from tissues and microbiome analysis from fecal samples were analysed. CAF diet fed rat in the present study developed obesity with increased body weight, few of them developed the resistance to weight gain (WGR) and these animal shows significantly increased abundance of Bacteriodetes-Prevotella compared to obese animals. This study suggests that detailed research needed to address the contribution of microbiota abundance at the genera level. We further explored the influence of diet induced microbiota changes on immune response; increase in Bacteroidetes leads to increased LPS and this in turn elicit immune reaction in the gut. Moreover, variation in gut microbiota also af-How to cite this paper: Alasmar, R.M., 776
Introduction
In recent decade, obesity is increasing worldwide in high proportion, both young and adult population is affected and especially the prevalence is more in the developed countries. Obesity is one of the major global health issues linked to multiple diseases such as hypertension, type 2 diabetes mellitus, non-alcoholic fatty liver disease and cardiovascular disorders [1] . Moreover, the impact of this metabolic disorder is so severe that it affects more than 107.7 million children and more than 603.7 million adults around the world [2] . Obesity is a disorder affecting the metabolic function of the body through defecting various cellular and molecular functions. The main contributor for this syndrome is the energy imbalance; when the energy intake exceeds the expended energy, the system falls into the obese physiology that leads to deposition of unspent energy in the form of fat, which leads to obese phenotype. Qatar, a small nation with excess of oil wealth in the gulf region experiencing the increasing prevalence of obesity, 30% of younger population of 6 to 11 years old children are obese and overweight. Understanding the factor fueling this high prevalence of obesity in this population is crucial to define a strategy to introduce measures and to decide on a therapeutic intervention to monitor and control the spread of this syndrome. Among the various factors, diet plays a major role in terms of energy intake, easy availability of high sugar and high fat diet contributed for this alarming prevalence in this population. Though many studies reported on the role of diet in obesity, very few reports focus on the role of microbiome on diet and energy homeostasis. Human body enriched with millions of bacteria and especially the diversity in the gut microbiota played a major role in various physiological and immunological mechanisms that leads to signaling events for normal cell function. Maintaining gut microbiota homeostasis is important as the dysbiosis of microbiota in the gut leads to dysfunctional barrier function that is the cause of leaky gut and dysfunctional physiological and signaling pathways. Diet as a major player influencing the gut microbiome population, different types of diet such as high carbohydrate, high fat, dietary fibers, western diet, pre/probiotics and vegetarian diet are mainly studied and found that they have a significant role in shifts/ shaping the gut microbiome within 24 hours of intake.
Microbiome is an integral part of the human body with highest density of bacteria in the gut, ranging from 1 × 10 4 cells/g in the jejunum to ( state; moreover, diet composition seems to be another major factor influencing the microbiota diversity. More consumption of sugar is closely associated with obesity and metabolic diseases [2] , however the impact of high sugar diet on the landscape of gut microbiota is still not clear
The dynamic change in the gut microbial population due to the impact of diet is one of the main problems lead to different health disorders. For example, obesity and overweight gain that has a strong relation with inflammation and insulin resistance. In addition, gut microbiota makes significant contribution to host metabolism, by modulating host nutrition and energy harvest as well as production of some vitamins, such as K + , folic acid and B12. The hallmark of obesity is the fat deposition in adipose tissues that induce immune response and that leads to inflammation and changes in tight junction barrier on GI cells [1] . There are reports that, most of the inflammatory processes are a consequence of obesity [3] . In particular, fat and carbohydrate diet plays a major role in the development of insulin resistance and other obesity related features. [4] . Due to obesity and related metabolic stress, the immune receptors activated that triggers the cascade of inflammation reactions.
Understanding the impacts of high sugar and carbohydrate diet on gut micobiota and their contribution for obese phenotype is critical to appreciate the influence of gut microbiota on metabolic dysfunction. There are reports concludes that, a pro-inflammatory microbiota community has been observed, their contribution is significant in inducing various metabolic syndrome and supporting a causal relationship between bacterial induced inflammation and metabolic disorders [4] . Impact of gut microbiota on the GI tract permeability leads to leaky gut syndrome, high carbohydrate diet induce many changes in the gut microbi- such as acetyl-CoA carboxylase 1, fatty acid synthase (FAS), and sterol regulatory element-binding protein 1 (SREBP1)) [5] . Hence, inflammation driven by microbiota is the crucial factor triggering the obesity and other associated pathological conditions. Actually, the abnormal immune signaling plays a main role in microbiota induced metabolic syndrome for example deficiency of TLR5 signaling in rat is sufficient to induce obesity. Although many reports correlates the influence of various diet regime that impacts the microbiota composition [2] in the gut and their eventual dysbiosis leads to metabolic diseases, only few reports highlights the dynamics of their metabolism and metabolite analysis [6] .
Along these lines, we attempted to study and analyze the taxonomical abundance present in fecal and cecum samples from the cafeteria diet (CAF) fed young Sprague Dawley (SD) rats compared with normal chow diet fed rats. In the present study, microbial diversity at the genera level explored in experimental animals using molecular methods. In addition, variation in their behavior, phenotype and difference in the metabolic activity between CAF and normal chow diet fed animals also documented in detail. 18.0% and lipids 4.8%) and cafeteria diet (Carbohydrate 66.05%; Protein 11.04% and lipids 7.22%) respectively. Body weight, food and water intake were recorded weekly and phenotype of two groups were monitored thoroughly. The detailed husbandry conditions, experimental design, diet and animal phenotype observations were described in our previous study [6] .
Materials and Methods

Experimental Design
Sample Collection and Storage
After completion of study (10 weeks), all experimental animals subjected to fasting for 12 hours, anesthesia induced by an intraperitoneal dose of Thiopentone sodium (0.04 mg/kg body weight) and sacrificed for sample collection. 
Biochemical Analysis
Serum samples were assayed for levels of total cholesterol, low-density lipo- 
DNA Extraction from Fecal Sample
Genomic DNA extracted from cecum stool samples and fecal pellet using QIAamp DNA Stool Mini kit (Qiagen). Before process the samples, the frozen samples were kept on ice for 30 minutes for thawing. The fecal and cecum stool samples were weighed (approximately 180 -220 mg) from each experimental groups (Normal and obese groups). Fecal samples were homogenized using buffers provided with DNA extraction kit and the supernatant was collected after centrifugation. Using lysis buffer and proteinase K, the supernatant was subjected to microbial cell lysis followed by the extraction protocol according to the kit instruction. Genomic DNA was extracted using spin column method and lastly eluted by elution buffer. The genomic DNA was quantified by nanophotometer (IMPLEN).
Gut Microbiome Analysis Using Real-Time PCR
Diversity of gut microbiome present in the fecal pellet and the cecum fecal sample was analyzed using SYBR green master mix using specific primers in Quantstudio 6 Flex Real Time PCR system (Applied Biosystem). Primer sequences used for the target 16s rRNA gene of the gut microbiota (Firmicutes, Bacteroidetes and Actinobacteria) described in Table 1 [7] . To verify the specificity of amplicon, a melting curve analysis in addition to agarose gel electrophoresis was 
RNA Extraction from Intestinal Tissues
Total RNA was extracted from frozen small intestine and cecum tissue samples 
cDNA Synthesis and Gene Expression Analysis
Statistical Analysis
One-way ANOVA was used to determine the effect of cafeteria diet on the serum parameters and to compare mean between the groups (control and obese).
In addition, Tukey's multiple comparison test also done to determine differences between all experimental groups, whenever no significant difference was identified. Dunnett Multiple Comparisons test used to compare control groups with experimental groups. To analyze difference between two groups, a t test was accomplished and the differences were considered statistically significant when P value P < 0.05. All statistical analyses performed using Minitab software.
Results
During the study period, cafeteria diet fed SD rats gained more weight (Obese With respect to the serum biochemical analysis, CAF diet fed rats (Obese and WGR groups) showed significant increase in serum glucose and triglycerides level when compared with the control animals. However, there is no significant difference in the cholesterol, HDL and creatinine profile in all these groups. Obese group showed a minor deviation in urea level whereas the creatinine is in a decreased trend in all the three groups. As far as LDL concerned, obese rats showed less concentration paralleled with other groups.
With regard to the hepatic biomarkers, total protein concentration of obese group as well as in control groups (C) are significantly elevated compared to WGR groups. Level of AST in CAF diet fed rats are higher than the control groups whereas comparing the CAF diet fed rats with WGR groups a significantly higher AST level is found in the obese group. ALT of obese rats showed increased level when compare with control rats whereas WGR rats showed lesser than the control rats. Obese groups showed minor reduction in serum albumin when compared with the other two groups (Control and WGR groups) ( Figure  1) .
Change in the composition of gut microbiota population due to cafeteria diet was analyzed by Real Time PCR method using specific primers. Diet mainly alters the phylum Firmicutes, Bacteroidetes and Actinobacteria in the gut microbial diversity. Among the phylum Firmicutes and Bacteroidetes, predominantly involved genera such as Lactobacillus, Enterococcus and Clostridium (Firmicutes), Bacteroides and Prevotella (Bacteroidetes) and Bifidobacterium (Actinobacteria) were analyzed for the gut microbial dysbiosis. Figure 2 Relative abundance of phylum Bacteriodetes are significantly higher in control group of both fecal and cecum samples. However, Firmicutes is higher than the Bacteroidetes in obese group and weight gain resistant groups. There is a minor alteration in the ratio of Firmicutes/Bacteroidetes in CAF diet fed animals when compared with their respective controls (Figure 2(a) ). To assess the effect of gut microbiota changes on gut barrier function and inflammation, a panel of inflammatory markers were analyzed for their gene expression pattern. Gene expression analysis of inflammatory markers (IL-1β, IL-6, α-TNF, NFKB IL-10, IL22,) in cecum and small intestine samples analyzed by Taqman Real Time PCR method. The results revealed that most of inflammatory markers in cecum samples were upregulated in both obese and WGR groups whereas all of them were down regulated in small intestine when compared with control samples. In cecum tissue samples, IL1b expressed more in obese sample when compare to the WGR groups. Other proinflamamtory markers such as IL6, α-TNF and Nfkb there is no significant gene expression variation irrespective of diet in all the groups. However, mRNA expression of IL10 and IL22 were upregulated in obese groups compared to WGR group. In small intestine samples, the mRNA expression of the inflammatory markers were downre-Advances in Microbiology gulated. However, except IL1b and α-TNF all other inflammatory markers were expressed more in obese groups when compared with WGR groups (Figure 3 ).
Discussion
The aim of the present study is to compare the effect of cafeteria diet and normal chow diet on gut microbiota population in the cecum fecal and fecal pellet samples from experimental and control SD rats. The cafeteria diet selected in current study to prove as an informative tool to induce voluntary hyperphagia and enhance overweight/obesity in rats [8] . Several attempts have been made to reveal the diet induced obesity and its associated physiological disorder [9] [10] [11] [12] . Owing to the influence of various factors, exact mechanism behind the diet-induced obesity is still unclear. In this study, we discuss the interrelation between the diet, gut microbiota and altered physiological parameters. The experimental animals with the approximate body weight of (50 ± 1.09 g) were chosen and separated into two experimental groups (Control-Chow diet fed rats and Obese-Cafeteria (CAF) diet fed rats). During the experimental period, the effect of diet on the weight gain, food consumption, physiological and biochemical activities were observed and recorded periodically. Result and discussion of the said parameters were reported detail in our previous study [6] . Before euthanasia, all experimental group (Control, Obese and Weight gain resistant) subjected to overnight fasting as per LARC recommended protocol. All the respective samples collected and processed accordingly for experimental analysis.
The present study revealed that cafeteria diet fed rats showed some interesting physical observation. Some of the animals gained weight (Obese group), while which is associated with cardiovascular and physiological disorders [14] . The result of the serum parameters suggested that some of the experimental animals are metabolically healthy with obese body but few of them are metabolically unhealthy with normal body weight like normal and obese animals. More detailed and target oriented research efforts needed to address the mechanism behind these findings. More recent studies have revealed that gut microbiota are highly influenced by CAF diet and alters the metabolic signaling pathways which in turn impacts the energy balance and physiological mechanism [15] [16] .
Although there were several studies reports about gut microbial dysbiosis and Firmicutes/Bacteroidetes at phylum level richness [17] , however few of them discussed about abundance ratio at genera level. Hence, it is critical to explore the gut microbial dysbiosis at genera level to understand their impact on metabolism. Our previous research [6] reported that there are various level (Phylum, Order and Family) of microbial dysbiosis in the intestinal region. The present research highlights more on the shift in gut microbial proportion at genera level. The specific set of genera selected in this study were the ones showed interesting results at family level in our earlier report. [19] .
To date many studies have reported the influence of high carb and fat diet and obesity on the level of specific phyla, with changes in the ratio of Firmicutes to Bacteroidetes which being reported in both human and rodents [20] . The same results we obtained in (CAF) diet experiment, while the increasing in the ratio of Firmicutes to Bacteroidetes level in cecum fecal samples was noticed. For the Clostridiales bacteria showed increasing in cecum fecal samples in CAF diet-fed animals more than WGR groups compared to the normal animal groups. On the other hand, increasing in Clostridiales and significantly increasing in Lactobacillales in obese groups in (CAD) diet fed rats [21] . While in other reports, they found that ratio of Firmicutes to Bacteroidetes was increased at species level [22] . However, other research reports showed that there is no change in Bacteriodetes at family or phylum level [23] , but there is increase [24] and decrease in Firmicutes levels [25] .
These results indicates that the CAF diet highly shapes the microbial diversity in gut region. Bacteroidetes-prevotella significantly increased in WGR samples. Several researches were reported that Firmicutes were greatly influenced by CAF diet [26] and in contrast, few of them reported Bacteroidetes [23] are increased significantly and some reports disclosed that there is no significant change in the Firmicutes/Bacteroidetes ratio [18] [27] . Even though with all these considerable research findings, there is very limited research carried out to explore the plausible mechanism behind the gut microbial dysbiosis and still more research effort is needed to gain more knowledge.
Most research reports on diet induced gut microbiome change indicates that CAF diet alters the gut microbial population and induces the inflammatory response [28] . Increase in Gram-negative bacterial composition (Bacteroidetes) reflects in the LPS production, which subsequently cause inflammation in the gut region. Rainone et al. reported that the pathogenesis of obesity has a relationship with the presence of low-degree inflammation [4] . Moreover, variation in gut microbiota composition also affects the gut barrier function (Tight junction proteins) and increase metabolic endotoxemia, which in turn activate the innate immune system and low-grade inflammation [5] [29] .
In this study, we investigated the effect of gut microbial dysbiosis on expres- 
Conclusion
Several studies have shown altered composition of the gut microbiota in the context of obesity in human and rodents and they conclude that all of these changes could contribute to the metabolic diseases. In our study, the analysis of gut microbiota community, distribution and its relation with metabolic measures in (SD) rats has highlighted that many bacterial species are altered in their ratio to other species in the gut microbiome and they are highly linked to development of obesity response to CAF diet. This observation indicates that the microbiota species could be a potential therapeutic target, such as Lactobacillus species, which can decrease in response of a CAF diet. Moreover, the modulation of gut microbiota is associated with development of inflammation, increase in the lipids and liver profiles parameter in CAF diet-fed rat. Further studies are warranted to explore and determine the mechanisms that regulate CAF diet induced obesity. In conclusion, understanding the mechanisms that linking the gut microbiota with obesity, and the knowledge on relevant compositional and functional characteristics of the gut microbiome, will pave the way for future research to develop more targeted approach aimed at restoring a more healthy gut microbiome to prevent obesity and related metabolic conditions.
